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ESTIMATED CASUALTY PRODUCTION IN BUILDINGS

FOR THREE DEGREES OF STRUCTURAL DAMAGE

Percent of Personnel™

Degree Seriously Lightly
of injured injured
Structural Killed (hospitalization (hospitalization
damage outright indicated) not indicated)
1- and 2-story Severe 25 20 10
Brick Homes ‘Moderate © <5 10 5
(high-explosive :
data from England) Light 0 <5 <5
Reinforced-con- Severe 100 0 0
crete Buildings Moderate 10 15 20
(nuclear data from

Japan) Light <3 <> o

als

"These percentages do not include the casualties that might result {rom
fires, asphyxiation, and failure to extricate trapped personnel. The
numbers represent the estimated percentages of casualties expected at
the maximum range at which a specified structural damage occurs.

(Table Modified from Reference 3.)
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WINDOWS 6.25  HIGH

Bank of Japan, Hiroshima Branch, Room |, Third Floor(floor 38'above ground)
Range to ground zero:.242 mi. Max. incident overpressure: |7 psi

Nuciecr Radiation:10*rads Therma! Radiation: 60cal/cm
Window area/(room vol)3 =.265 Door area/(room vol)“ =.158

2

Survival time indicated.
M:mechanical injury, degree unknown
MM: moderate mechanical injury"
SM: severe mechanical injury

B: burns, degree unknown

m:male f:female

MR: moderate radiation injury
SR: severe radiation injury
U: unknown type of injury

?: unknown fate

(Fate of the Occupants of Room 1, Third Floor

of the Hiroshima Branch of the Bank of Japan

Figure from Reference 6.)
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Range to ground zero:.242 mi. Max. incident overpressure: |7 psi
Nuclear Radiation: 10*rads Thermal Radiation: 60cal/cm?
Window area/(room vol)®=.23l  Door area/(room vol)3 =.133
Survival time indicated. Age at time of burst indicated where known.
MM: moderate mechanical injury ~ MR: moderate radiation injury

SM: severe mechanical injury SR: severe radiation injury
SB: severe burns . U: unknown type of injury
?: unknown fate m:male ; f: female

(Fate of the Occupants of Room 3, Third Floor
of the Hiroshima Branch of The Bank of Japan

Figure from Reference 6.)
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LDy, ~INCIDENT SHOCK PRESSURE FOR GUINEA PIGS -
LOCATED IN CHAMBERS ON A SHOCK TUBE

LDso Pressure, psi

(Figure from Reference 24.)
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LD, e ewe”
Side-on SR
Mid Offset . .
End-on 77 -
e = = e e
.. Offset downstream [inaass i ===
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MORTALITY, PERCENT
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Mortality in Relation to the Incident Shock Pressures for
Rats in One-Seventh Scale Models of a 5- x 7-Ft Bunker,
(a) Rats vertical near the side and downstream walls; (b)
Rats prone at the upstream and downstream walls; (c)
Rats vertical in corner. (Figure From Reference 23.)
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Distribution of Blast Injuries in Dogs in Relation to Peak
Pressure and Time To Peak Pressure. @ , lung hemorrhage; s, sinus
hemorrhage; other '"-" or '"+" symbols are for degrees of ear injury
as follows: '"-" indicates eardrums intact; "h" indicates hemorrhage.
"+1,'" "+2," and '"+3" indicate eardrums less than 25% destroyed,
between 25 and 50%, and greater than 50% destroyed, respectively.
"+4' indicates greater than 50% destroyed with malleus fractured or
disrupted. (Figure from Reference 22,)
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Distance, ft

7 '\ ] ‘ T l ‘ Iv - | ' T .
NG \ LARGE STONE DISPLACEMENTS
" AT STATION 4P
6__ \ -
N
\

o i
41 —
3+ -

o\
2 \ N\ o -
o N\
o\
Is | > -
Distance =3.47 - 3.20 log,o (mass) \ o \
' +0.84 ft \ \
° N\
0 l | | | L No %15
0.1 0.2 0.5 | 2 5 10

mass, kg

(Displacements of large stones exposed to a near-classical blast
wave with a peak overpressure of 4.5 psi and a duration of 1030 msec.
Data from Reference 5.)
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600}~ -
: (o)
400 -
(o)
| o
200}~ —
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0 | | L | |
oX 0.2 0.5 | 2 To) 20
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| (Displacements of large stones exposed to a precursor-type blast

wave with a peak overpressure of 15 psi and a duration of 610 msec.

Data from Reference 5.)
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f‘"}o e Wl . ..
. -1 La."/'- 10’ o
L 0o
0.7 : ‘ Closed
Bedroom Living
Room
10' 10’
12
le 4 —oie- 55—
o i v '
t . AV B
SO | r.3 | BT
/ . 1 Traps 3Gllg, b,C,d,
- Traps 3GlOg,b, B¢ ¥ 8e
»‘v,', (See view A--A) 1 (See view B--B)
| 2
% Kitchen
|
| Bedroom - et
Door Boarded Up —w
-
\Wlndows Bojrded Up/
r-— 5.50' ——[
-ﬂ 2.75'}«— , B—y —B
A TA 243 e | d
¢ 2.‘:3'
e : 262" | C {(dog)
b 243
}
o |2.43 ' 243 | a
¢ Floor {

. Floor plan of reinforced concrete-block house, 4700-ft range. Traps
3G10a, b and ¢, and 3Glla, b, d and e all have type I absorbers. The bedroom
window opposite traps 8G10a, b and ¢ i8 3 {t 7 in, above the floor, has nine 11.5-~
by 23.5-in, panes, and I8 6 by 3 ft. The living-room window opposite traps
3Glla, b, d and e {8 2 ft 7 in, above the floor, has twenty 11,5~ by 23,5-in, panes,

and 18 10by 4ft. (Figure from Reference 5.)
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Height Above Floor, ft

Spatial distribution of window-glass n:issiles in installation 3G10 traps. Numbers

indicate missiles per square foot. (Figure from Reference 5.)
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Mortality, percent

Impact Velocity, ft/sec

(Figure from Reference 18.)

53 Human Free-Fall Cases from Lewis et al., 1965
(Impact with concrete) |
| l T T T 1T
o | g T T T TTTIT
1 - 2l
o8l .- ) i
LD50’ 54 .4 fi/sec /
95|~ (32.2,66.4) -
S0 — //.c
| -
80 [ - -
//
70| - -
//
60— : -
50 - ' —
. _ ‘2’ Equation of probit line:
40 +— —~ ] _ : -
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30 | o -
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, Dashed curves are 95%
10 = confidence limits. ]
| Number of cases indicated
2 - / by the data points. -
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RESULTS OF PROBIT ANALYSIS RUN ON IMPACT DATA

Species I};/Is;; Impact Velocities in ft/sec Result{ing in 1, SOV
(Number djing/ Mass, and 99% Mortality
number exposed) kg (with 95% confidence limits)
Vi V50 V99
o Mouse 0.0198 30.0 39.1 50.9
2 (44/113) (28.1, 31.5)  (37.8, 40.4)  (48.4, 54.5)
2 Rat 0.185 33.4 43.6 56.8
.4:‘8 (90/178) : (31.2, 35.1) (42.4, 44.7) (54.4, 60.2)
B J v
£ % Guinea Pig 0. 650 23.7 30.9 40.3
3 & (57/111) : (22.2, 24.9)  (30.0, 31.9)  (38.4, 43.0)
o0
»g«g Rabbit 5 43 24.3 31.7 41.4
B2 (26/53) : (22.6, 25.8)  (30.4, 33.2)  (39.1, 44.6)
e e
; _ ‘
8™ Dog 176 25,4 64.3 163
e (5/29) . (7.16, 34.5)  (50.0, 146) (94.3, 2280)
[
5 Man ~50 21.5 54, 4 138
g (31/53) (2.73, 32.7)  (40.9, 64.2)  (95.6, 811)
o H Goat 36,7 31,7 80. 4 203
2o (5/19) (7.42, 44.7)  (62.0, 158) (121, 2380)
. 0o . .
8 3
H 0 o DOg
SEE (0/2) 22 288
ovg ©
[
Ass Sheep ;
B (0/4) 52 288

(Table Modified from Reference 18.)
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TENTATIVE CRITERIA FOR INDIRECT (TERTIARY)

BLAST EFFECTS INVOLVING IMPACT

Condition,
Critical Organ,
or Event

Related Impact
Velocity,
ft/sec

Standing Stiff-Legged Impact’
Mostly "'safe!!

No significant effect

Severe discomfort

Injury
Threshold

Fracture threshold .
(heels, feet and legs)

\

Seated Impact
Mostly "safe"
No effect

Severe discomfort

Injury
Threshold

Skull Fracture
Mostly ''safe'
Threshold
50 per cent

Near 100 per cent

Total Body Impact
~ Mostly '"safe!
Lethality threshold
Lethality 50 per cent
Lethality near 100 per cent

<8 (?)
8§ -10

10 - 12
13 - 16

<8 (?)
8 - 14

15 - 26

10
13
18
23

10
21
54
140

(Table Modified from Reference 25.)
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Total Displacement of Center-of-mass of Durnmy, ff

300

100—

UL

30—

o
I

)

PREDICTED DISPLACEMENT AND

- COEFFICIENTS (a's).

] T T ] 1'[ T 7 [ l | U B S T | T l ™
U DUMMY STANDING FACING UPWIND ‘ S
0 DUMMY STANDING FACING DOWNWIND

A DUMMY PRONE ALIGNED WITH WIND
(HEAD UPWIND)

N
P DUMMY PRONE PERPENDICULAR TO WIND N~
6 GOAT PRONE PERPENDICULAR TO WIND ™

DIAL PACK, 500 TONS HE
DISTANT PLAIN,50 TONS HE®
SNOWBALL US| o rovs e &

SNOWBALL U.K. " 60
PRISCILLA, 38 KT NUCLEAR®  /
*MEASURED DISPLACEMENTS &
ADJUSTED TO 500 TONS Q?’

HE.

o<11>c1<>

VELOCITY CURVES WERE o
COMPUTED WITH THE AN
TRANSLATIONAL MODEL 5\-
USING THE INDICATED QQ, -
ACCELERATION Qfa

/

1

Sl L L]

Y : £
56 8 10 ' 20 30 40 50
Peak Overpressure, psi

(Companison of Measured and Predicted Displacements
of Dummies Exposed to a 500-Ton HE Surface Burst.
Figure from Reference 15,)
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Grating over
water groin

B

5
2

ks
i
]
e %
W {1
2 {':
A e
7 2
N 24
e A YA ZAO
fi '/'Q)'(':: F{/\\ 'J,f
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. PRISCILLA SHOT
OPS Underground Shelter
(UK 3.7)
Range from G.Z.: 900 ft

Nofe: A, 8 and C » weighted croquel balls
Haight of underground chomber » 7.0

0t 2 5
Scale in feet

& steel Bats, 10
3.4' Above Floor

2" stect Balis, 10
4.4' Above Floor

P. Q goges

3 Steel Balis, 20 L steet Balls, 10 2" steet Balls, 10
5.4' Above Floor 4.‘3' Above Floor 3.4' tbove Floor
;
RN, ¢
N ] 8
A bC N
AR m :g‘ N .
Absorber IV
{2" thick)

<

(Plan view of UK 3.7 open shelter, Priscilla Shot, 37 kt,
700-ft HOB, 900 ft from ground zero, peak outside over-

pressure about 65 psi.

Figure from Reference 11.)
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Postshot view of the absorbing wall in the underground shelter.

(Figure from Reference 11.)
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The

Postshot view of the missile-absorbing material in the underground shelter.

foil had been removed and the impact locations of the spheres marked.

ference 11.)

N

(Figure from R
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NATURAL STONE SPATIAL DISTRIBUTION, OPS

|

[3)]

D

Height Above Floor, ft
(4]

Width, ft

Spatial distribution of natural-stone missiles recovered from

the underground shelter. Numbers indicate missiles per
square foot., (Figure from Reference 11.)
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ft

Height Above Floor,

NATURAL STONE VELOCI‘TI'ES, OPS

!

® No Missiles ' * 373 —
Low —
' o No Missiles *362 -]
B / |

| 7 8-

Width, ft

Spatial distribution of the average velocities ( in ft/sec)
of natural~stone missiles recovered from the underground

shelter. (Figure from Reference 11.)




Ispmetric View of the Two-Windowed.

Chamber

~{3.29k4 3, 29k o |
< 3705 < 3,705

‘\1 9

f) - o~

= , J =fr

| 085 k

. : N‘ .

¥

I'L/78 >

Overhead View of

the Lower Half of| T

the Chamber

volume

-

-

T T T T T T T I el L
/ .
./ -"
: ‘ ¢
v - . j
/] y
s v
s %
Y (
p 7
% : p
e ' /
- % _ ,(
K 5E < )
A k.
Frrrrari B rzzzZA

Direction of Propogation of

the Incident Shock Wave

10.2x14, 8x14.8

arca

Note:

" .situation.

(Figuré from Reference 16.)

©.2x [4.93 x 3.29]

= 69 ft.

..37 -

The Translation Data Apply
1 to a Man Initially Standing
Upright at this Position

All dimensions are in fcet and apply to a 70 kg man in the full - scale
The dimensions and times were scaled from cxpcrlments w1th
0.53 kg monkeys; scaling factor (70 kg/0.53 kg)

”3—51
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PRESSURE, PSI

WITHOUT BAFFLES

POSITIVE IMPULSE
= 56,9 LB-MS/IN.2

WITH BAFFLES

POSITIVE IMPULSE = 40.7 LB-MS/IN.2

[+ 1 1 1 1 1 1

GAGE
—~<§’f§5

CONDITION

o 1 2 3 4 5 6 7 8 9
TIME, MS

Condition IV wave form
(Figure from Reference 2,)
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NOTE. PERCENTAGES SHOWN REFER ENTRANCE 4'x8'
TO PERCENT OF TOTAL FLOOR HEIGHT OF ROOM - 10’
SPACE. V/A = 439 FT.

%‘: 82.5 MSEC
{

SHOCK WAVE DIRECTION ~——P

30"
777777 T TV 777
8%
, | _
F.‘BEFEL@..I} N
: ! \—WITH BAFFLE
UNSAFE
Pg = 20.9 PSI
! 9 %%
e
.\_—No BAFFLE
. UNSAFE
, 5 Pg= 5.0 PSI
: ]
o
! O
# )

| NO BAFFLE
//_UNSAFE

19% ~ Pg=10.5PS|I
|

e e e— ot

_ NO BAFFLE
229, ,/ UNSAFE
° Pg= 20.9 PSI

Full-Size Room for Model 25-A
(Figure from Reference 7.)




14 ] ]
B SHOCK WAVE " ".
DIRECTION “ﬂ Fz DiAr2
12 e
- [+,]
10 /\ «e%&d
- N
o L \<EXTERNAL HISTORY
w 8
5 k ASSRL] ~smooTHED
@ Lt N EXPERIMENTAL
© L 4 \ N COMPUTED
@ N\ \ HISTORY
‘;l & 4 \(
(o] - / \\ \
' ‘ 1/ \§.
7 . N\
- ’ Z N
4 1// % N\ .\
N % \\‘. \
B /// % NN
’l 1. %\ \?-\
/./ ,// CONTACT X
- ~~  ZONE ARRIVAL J
2 .//
/
=/
!
|
..f.
ol 11 1 I [ O
0 10 20 30 40
TIME ( MILLISECONDS)

Fill history for side-on incidence

(Figure from Reference 19.)
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168-LB MAN STANDING BROADSIDE TO WIND
O e T T T T TRy Querpressure, psl

; Reflected Incident

T a = 0.052 ft¥Ib

50011 Py = 14.7psi 41000 173
"0 Ty = 72°F =

=4 500 10l

/44 200 50.4

o & 100 299

204 50 174

L4 20 819

Impact Velocity against Reflecting Surface, ft/sec

—e 10 4.45

(L il e B A R R L e L R A BB RN
0.l 0.2 05 | 2 5 20
Initial Distance from Reflecting Surface, ft

Computed imgact velocity of a man standing broadside

( @ = 0,052 {t° /1b) to the winds associated with a square
wave, as a function of overpressure and the initial
distance of the man from the vertical surface reflecting
the blast wave at normal incidence.

(Figure from Reference 11.)
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168-LB MAN CROUCHING BROADSIDE, STANDING
SIDEWISE, OR PRONE PERPENDICULAR TO WIND

1000 M ESEAN PO B B 8 1
0 =0.021 ft%/1b I | overpressure, psi
500+ Pom 1 s || Reflected  Incident
173 -
101
|
‘ 50.4
J¢ 100 299

50 17.4

Impact Velocity against Reflecting Surface, ft/sec

20 8.19

o) 4.45

A £ bibe
h
: SR
!

B
g

0.1 0.2 0.5
Initial Distance from Reflecting Surface, ft

SANEEY S

Impact velocity of a man crouching broadside, standing
‘sidewise, or prone perpendicular ( a = 0.021 £t2/1b) to
the winds associated with a square wave, as a function
of overpressure and the initial distance of the man from
the vertical surface reflecting the blast wave at normal
incidence. (Figure from Reference 11.)




Impact Velocity against Reflecting Surface, ft/sec

1000 KGE? LB MA[\ PRONE ALIGNED WITH W[ND
N ! ”
| l l [lI ! l l

REERN
— 0.0063 ft2/1b -
: 500..%ég 14.7 psi i

i[i7i| Overpressure, psi

n
o
o

L 1 Reflected Incident

141000 173

Tolo)uns

T34 500 10l

o
O

_J¢ 200 504

204

T4 100 299

4 50 174

e AT 44 20 8.9
ettt s 4“’ bVl , l-bn ¢
Ol 02 0.5 | 2 5 0 20
Initial Distance from Reflecting Surface, ft

Impact velocity of a man prone aligned ( @ = 0.0063 £t°/1b)
with the winds associated with a square wave, as a function

of overpressure and the initial distance of the man from the
vertical surface reflecting the blast wave at normal incidence.

(Figure from Reference 11.)
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